Abstract. Building taxonomies for web content is costly. An alternative is to allow users to create folksonomies, collective social classifications. However, folksonomies lack structure and their use for searching and browsing is limited. Current approaches for acquiring latent hierarchical structures from folksonomies have had limited success. We explore whether asking users for tag pairs, rather than individual tags, can increase the quality of derived tag hierarchies. We measure the usability cost, and in particular cognitive effort required to create tag pairs rather than individual tags. Our results show that when applied to tag pairs a hierarchy creation algorithm (Heymann-Benz) has superior performance than when applied to individual tags, and with little impact on usability. However, the resulting hierarchies lack richness, and could be seen as less expressive than those derived from individual tags. This indicates that expressivity, not usability, is the limiting factor for collective tagging approaches aimed at crowdsourcing taxonomies.
Introduction
One of the essential principles behind the success of Web 2.0 applications is to harness the power of Collective Intelligence (CI) [1] . Collaborative tagging is one of the most successful examples of the power of CI for constructing and organizing knowledge in the Web. Tagging is a process that allows individuals to freely assign tags to a web object or resource, whereas folksonomy (a set of user, tag, resource triples) is the result of that process [2] . In recent years, folksonomies have emerged as an alternative to traditional classifications of organizing information [3] . However, they share the inconsistent structure problem that is inherited from uncontrolled vocabularies, which causes many problems like ambiguity, homonymy (same spelling but different meanings), and synonymy (terms have the same meaning) [4, 5] . As a result, many researchers have focused on resolving this problem by proposing approaches for acquiring latent hierarchical structures from folksonomies and building tag hierarchies [6, 7, 8] . Building tag hierarchies from folksonomies can be useful in different tasks, like improving content retrieval [9] , building lightweight ontologies [10] and enriching knowledge bases [11] .
However, current approaches to automatic tag hierarchy construction come with limitations [12, 13] , such as suffering from the "generality-popularity" problem or the limited coverage of the existing knowledge resources. In this research, rather than propose a new algorithm for analyzing folksonomies we seek to explore whether a slight change in the tagging process itself could improve the resulting tag hierarchies. The new tagging approach takes the form of an "is-a" relationship, where users should type two related tags; i.e. Tag1 is a tag for the resource and Tag2 is a generalization of Tag1. The research hypothesis of this paper is that this simple relationship (Tag1 is-a Tag2) can be gained with low user interaction cost and provides higher quality tag hierarchies, compared to ones constructed from flat tags.
Related Work
Recently there have been several promising approaches proposed for building tag hierarchies from folksonomies. These approaches can be seen in two directions: First, knowledge resources based approaches, which aim to discover the meaning of tags and their relationships by using some knowledge resources, like WordNet and online ontologies. However, such resources are limited and they can only handle standard terms [12] . Second, clustering techniques based approaches. First pair-wise tag similarities are computed and then divided into groups based on these similarities. After that, pair-wise group similarities are computed and then merged as one until all tags are in the same group. For example, Heymann and Garcia-Molinay [6] propose an extensible algorithm that automatically builds tag hierarchies from folksonomies, extracted from Delicious and CiteULike. Their claim is that the tag with the highest centrality is the most general tag thus it should be merged with the hierarchy before others. Benz et al.
[8] improved Heymann's algorithm by applying tag co-occurrence as the similarity measure and the degree centrality as the generality measure. C. Schmitz et al [14] adopted the theory of association rule mining to analyze and structure folksonomies from Delicious. P. Schmitz [15] adapted the work of [16] to propose a subsumption-based model for constructing tag hierarchical relations from Flickr. Plangprasopchok et al. [7] adapted affinity propagation introduced by Frey & Dueck [17] to construct deeper and denser tag hierarchies from folksonomies. Yet Strohmaier et al. [3] showed that generality-based approaches of tag hierarchy, with degree centrality as generality measure and co-occurrence as similarity measure, e.g.
[8] show a superior performance compared to probabilistic models, e.g. [7] .
Although several approaches based on clustering techniques have been tried to structure folksonomies, they come with limitations [12, 13] . These include the suffering from the "generality-popularity" problem. For example, Plangprasopchok and Lerman [18] found, on Flickr, that the number of photos tagged with "car" are ten times as many as that tagged with "automobile". By applying clustering techniques, "car" is likely to have higher centrality, and thus it will be more general than "automobile". Therefore, while tag statistics are an important source for constructing tag hierarchies, they are not enough evidence to discover concept hierarchies.
